We investigate the impact on profit margins of exchange rate fluctuations in order to examine optimal pricing policy by source countries in the UK car market. We first estimate a nested logit demand model of new cars to calculate model-specific profit margins. Next we use these estimates to analyse the pricing-to-market (PTM) behaviour of car importers and local producers. The results show that: (1) profit margins fell over the period 1971-2002 as the UK car market moved from being a concentrated market to a looser oligopoly structure; (2) there is a positive association between exchange rate changes and mark-up adjustments of imported cars. Following a 10% pound depreciation, exporters' profit margins declined by up to 4% and local producers' profit margins increased by up to 2%; (3) PTM behaviour is asymmetric between appreciations and depreciations in bilateral exchange rates.
I. Introduction
The degree of price discrimination in the UK car market has been a source of considerable ongoing debate. Consumer advocacy groups have been outspoken in their criticism of the pricing policy of car markers in the UK and from continental Europe [BEUC: 1981 [BEUC: , 1989 [BEUC: , 1992 . Academic research has also provided evidence that price discrimination has occurred in the UK market [Cubbin (1975) ; Verboven (1996) ; Goldberg and Verboven, 2001] . Price discrimination in the UK car market has also evoked scrutiny of the market by regulatory authorities both within the UK [House of Lords, 1984; MMC (UK): 1992] and from the European Commission [EC: 2000 [EC: , 2004 Verboven and Degryse, 2000] . The industry, through its representative body, the Society of Motor Manufacturers and Traders, have vigorously argued discrimination is not at work citing currency movements as being responsible for substantial departures from prices charged for cars in Continental Europe [Competition Commission (UK), 1999] . The industry's argument feeds into a substantial literature in observing that the local currency prices of imported goods are often insensitive to exchange-rate changes. On theoretical grounds, this phenomenon is often referred to as "pricing-to-market" (PTM) and reflects the view that exporters reduce their profit margins when faced with a depreciation against their own currency in order to stabilise the prices in destination currency (Krugman, 1987 ).
An extensive body of literature has grown concerning the PTM phenomenum.
1 These studies suggest that pricing-to-market is a global phenomenon but that the main source of variation in their pattern is at the industry level (Knetter, 1993) being most pervasive in differentiated product markets [Froot and Klemperer (1988) ; Knetter (1993 Knetter ( , 1995 ; Marston (1990) ; Kasa (1992) ]. Indeed, the finding that PTM is more important in differentiated product markets is reassuring since the ability firms have to segment markets through the imperfect substitutability of their products underlie violations in the "law of one price" in models of imperfect competition in international markets. As a substantive global industry and quintessential differentiated product, cars have been the most favoured market used to examine the extent of PTM behaviour [Le Cacheux and Reichlin (1992) ; Feenstra (1989) ; Kirman and Schueller (1990) ; Gagnon and Knetter (1995) ; Goldberg (1995) ; Irandoust (1998) ; Gross and Schmitt (2000) ; Goldberg and Verboven (2001) ; Gil-Pareja (2003) ].
In itself the UK car market is an interesting case study. The ability for firms to price discriminate at the beginning of the seventies was reflected in the UK market being a cosy oligopoly: being founded on four manufacturers, whose production was based in the UK who were insulated from imports, through trade restrictions, and from exchange rate movements, by the Breton Woods fixed exchange rate regime. Following Knetter (1989 Knetter ( , 1993 , past research has applied reduced form pricing models to investigate the impact of exchange rate fluctuations on source currency prices and has attempted to control for unobserved cost differences via the inclusion of intercept terms (to capture changes in marginal costs or common profit margin changes across source destinations) and a set of time dummies (to capture common marginal cost or profit margins changes over time).
We take a different approach by directly estimating the impact on profit margins of a change in exchange rates. First, we estimate a structural model of demand to calculate modelspecific price elasticities. Second, we calculate model-specific profit margins (Lerner indices) expressed on local currency using information on prices, market shares and the estimated price elasticities. This approach has two advantages over previous research: (1) we do not require information about source-country prices since mark-ups are fully determined in the destination market; (2) we can model important features of the market, such as the multi-product nature of firms operating in the market and the product differentiated nature of the products. As will be shown in the analysis, explicitly modeling the multi-product nature of the car market implies substantive differences in firm's mark-up behavior and so is non-trivial issue. Finally, we examine the impact of exchange rate fluctuations on the model-specific profit margins: (1) how much do profit margins respond to exchange rate fluctuations? (2) Are all source-countries equally responsive to their bilateral exchange rate fluctuations? (3) Is there any evidence of asymmetric behaviour in the exchange rate pass-through, that is, do profit margins respond differently when the local currency appreciates than when the local currency depreciates? (4) Do local producers' profit margins also respond to exchange rate fluctuations? (5) Did voluntary export restraints have any effect on Japanese profit margins response to fluctuations on exchange rates?
To preview results, profit margins over the period 1971-2002 fell as the UK car market moved from being characterised by a high degree of concentration to a considerably more fragmented oligopoly structure. The results indicate that manufacturers have implemented a 'pricing-to-market' policy in the UK as exporters reduce (increase) profit margins for foreign car models whose currencies have appreciated (depreciated) against the pound. On the one hand, the magnitude of the exchange rate pass through is different across countries and, on the other hand, importers exhibit asymmetric PTM behaviour with mark-ups adjustment being more pronounced during pound appreciations periods than when the pound depreciated.
Another result is that local producers are also sensitive to exchange rate fluctuations. For example, following a depreciation of the pound, the profit margin of the non-Japanese domestic makers increased by up to 2%. A final finding shows that voluntary export restraints were effective on Japanese cars as their profit margins are relatively responsive to exchange rate fluctuations.
The remainder of the paper is organised as follows. Section II describes the data and salient trends in the supply location of cars marketed in the UK. Section III presents a structural model of demand to estimate model-specific profit margins in a differentiated-product industry and relates profit margin changes to exchange rate changes. The results from model estimations are presented and interpreted in Section IV, and Section V provides concluding remarks.
II. Data and Trends in the Supply Location of Cars Marketed in UK

Data
We have collected annual data on prices and sales, for all new models of cars sold in the UK car market between 1971 and 2002. The highly differentiated nature of products marketed by firms was captured by employing a rich set of product attributes (power, size, fuel consumption and set of dummy variables that takes value of one if the car specification includes: diesel engine, fuel injection, turbo charging, air conditioning, ABS, PAS and air bags).
We also collated the month of entry and exit in the market, when prices changed during the year and the source-country of production of each model. The product data set is merged with bilateral exchange rates for each of the countries that supply cars in the UK car market. 3 Further details concerning the construction and sources of the variables, as well as their related descriptive statistics are provided in Appendix 1. Figure I . While annual movements have been quite volatile they followed a strong cyclical pattern with three pairs of prolonged exchange rate shifts occurring over the period: pound depreciations between 1971-76, 1982-86 and 1992-95; and pound appreciations between 1978-82, 1987-1991 and 1996-2002 .
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III. The model Demand of cars
Following Berry (1994) , household i's utility of purchasing car j ( ) can be expressed as a linear function of car j's characteristics and tastes idiosyncratic to household i:
where j x is a vector of product j's attributes, and j p is the car price. j ξ represents car j's characteristics that the household value, while ij τ captures household i's specific taste for car j, both of which are not observed by the econometrician. The mean utility level that product j yields to households is denoted by j δ , so that
Consumers also have an option of not purchasing a car and purchasing the outside good. 5 Note that in this framework all variation in the valuation of cars across consumers stems from the unobserved additive taste term ij τ . We allow consumer-specific tastes to be correlated across products with similar characteristics by using a nested logit demand model. Following Cardell (1997) , the consumer taste parameter can be modelled as
. The ij ε term captures consumer tastes that are assumed to be identically and independently distributed across products and consumers according to the extreme value distribution. The term captures the common taste that household i has for all cars in market segment g. We group cars into eight distinct market segments g: mini, small, medium, executive, luxury, sport, jeep and minivan.
The common taste depends on the distribution parameter, ) 1 0 ( < ≤ σ σ  , which indicates the degree of substitutability between products within a market segment. When σ  is zero, consumer tastes are independent across all cars and there is no market segmentation. The higher σ the more correlated the consumer tastes are for products within the same market segment and the competition among products is stronger within than across market segments.
Given the set of available cars, households are assumed to select the car that gives them the highest utility. Consumer i will choose car j if
. Given the distributional assumptions on consumer tastes and functional form for utility, we can aggregate over individual consumer purchases to obtain predicted aggregate market share of car j:
The first term in this expression is car model j's market share in its market segment, while the second term is the market share of a market segment g in the overall car market. Since the outside good yields zero utility by assumption, 0 δ  is 0 and is 1. (2) we can derive the own and cross-price elasticities of demand for each model (see Appendix A2).
From the equation (2) it is easy to derive the following equation that links market shares to prices, car characteristics and the within-group share:
where is the observed market share of product j, is the observed market share of the outside good -in our case, following Berry, Levinsohn and Pakes (1995) and others, the total potential market consists of all households in a given year -Sj|g is the observed market share of product j within its market segment g, is a vector of observable attributes of car j, is the price of car j and 
The pricing-to-market equation
We assume that the industry competes in a Bertrand oligopoly setting of pricing behaviour. 7 Car makers market several models in a foreign destination market. In each period (omitting time subscripts), firm f maximizes its profits given by:
where p is the export price (expressed as price in the importer's currency); is the product j ) ( p s j th market share (a function of the price vector p in the importer's currency) and M is (exogenous) market size; e is the exchange rate (in units of the exporter's currency per unit of the importer's currency); and is the product's marginal cost. The profit function accounts for the fact that car makers are multi-product firms that simultaneously offer several products to the market at any one point in time. When a car maker considers lowering a price of one of its products, this will not only have the effect of reducing the market share of other rivals'
products, but may also undercut the sales of its own other products. Hence we should explicitly capture the fact that multi-product car makers might than lower its prices by less than in a situation when it only sells one product.
Assuming that firms compete in prices, the first-order conditions for profit maximizing firm f with respect to product k yield:
To derive a pricing equation for each product k, we use vector notation. Let p denote a Jx1 price vector, c a Jx1 vector of marginal costs, and s a Jx1 vector of market shares of all products offered at time t (time subscript is omitted in the notation). Let Ω be a JxJ matrix whose element in row k and column j equals 
Note that in the case of a single-product firm, the markup over price or profit margin equals the inverse of the products own price elasticity. Eq. (6) reveals that the profit margin, expressed in source currency, is determined by the elasticity of demand in the foreign market, the market share and the price of the model. 
where is the log of the model-specific profit margin, calculated in (6) 
IV. Econometric issues and Results
Demand and profit margin results
The estimation of the demand equation (3) presents one econometric problem. Its estimation by OLS will yield inconsistent estimates if car prices and within-group market share (Sj|g) are correlated with unobserved quality ( j ξ ). We address the problem by estimating this equation using instrumental variable methods. We make use of the instruments usually used in this literature: (1) location of production dummies; (2) the number of models that a firm sells;
(3) the number of models sold by rival firms within each market segment; (4) the characteristics of the rival cars averaged over models within each market segment. The key identifying assumption is that cost of production, rival product attributes and intensity of competition measures are not correlated with unobserved quality.
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<INSERT TABLE 2 HERE> Table 2 displays the estimation results. Columns 1 and 2 report the OLS estimates of the demand parameters, while Column 3 reports the two-stage least squares estimates. In order to evaluate the performance of the instruments, we report the F-test of joint significance of the instruments of the regression of prices and segment market shares on the exogenous variables and the instruments. We do not have a weak instrumental problem as both F-tests are significant at 0.01 percent level. Accounting for the endogeneity of price and within segment market share affects notably the estimated parameters. For example, the OLS estimate of the price coefficient in Column 2 is -.028, while the IV estimate is -.049 in Column 3. These estimates are in line with our expectation of upward bias in the OLS price coefficient. The coefficients on other product attributes are sensible. The IV estimated value of σ is 0.33 (compared to the OLS value of 0.68). The estimate is significantly different from zero, which suggests that cars within the same market segment are better substitutes for each other than cars across the market segments. The usual interpretation for the differences between the OLS and IV results is that cars with high unmeasured quality components will have (ceteris paribus)
higher prices and higher market shares, making price and quantity positively correlated with the structural error term. The results provide a further indication that the instruments we use are effective.
<INSERT TABLE 3 HERE >
We use the estimates for the coefficient on prices (α) and substitutability parameter (σ) from Column 3 to calculate the own and cross-price elasticities of demand, as described in Appendix 2. Table 4 presents the means and standard deviations of the elasticities over time in Columns 1-3. First, the average estimate of the own-price elasticities reported in Column 1 suggests that a 10 percent increase in the price lowers a car's market share by 22 percent. The average demand elasticity increases in absolute value over time, averaging about -2.08 in the early 1970s to -2.37 in the late 1990s. Within a year, the own-price elasticities also differ significantly across products. Second, the estimates of the cross-price elasticities reported in Column 2 (for products in the same market segment) and 3 (for product in different market segments) suggest that products within each market segment are closer substitutes for each other than products across the segments. For example, the average cross-price elasticity suggests that a 10 percent increase in the price of a product leads on average to 2.9 percent increase in the market share of other products in the same segment and only .35 percent increase in the market share of other products in a different market segment.
With the estimated structural parameters ( σ α, ) from the demand equation, the prices and the markets shares, we have calculated model-specific profit margins, following equation (6).
Columns 4-5 of Table 3 report the implied average profit margins over time. Column 4 presents the implied profit margins when we assume that a different firm produces each product, Column 5 presents profit margins that account for multi-product firms, and Column 6 shows the percentage difference between Column 4 and 5. First, the multi-product Bertrand estimates in
Column 5 indicate that the average profit margins decline from .139 in the early 1970s to .102 in the late 1990s. Thus, competition in the UK car market has increased over time. For comparison, the mark-up over price estimated by Cubbin (1975) for the UK car passengers market during the period 1956-68 was .16; Verboven (1996) estimates a mark-up over price of .10 for the UK car market in 1990. Second, the multi-product firms´ profit margins are higher than if we assume the case of single-product firms, and the differences have persisted over time.
Therefore, it is important to account for the nature of the multi-product firm in order to calculate the profit margins.
The Impact of Exchange Rate Movements on Profit Margins
Now we investigate the impact of exchange rate fluctuation on profit margins, using equation (7). We begin examining the degree of exchange rate pass-through after pooling the data and allowing for different country-specific exchange rates associated to each of the nine source locations (after excluding UK). The results are reported in Table 4 , column 1. The estimated value of -0.10 for Belgium car exports implies that in response to a 10% pound depreciation (appreciation) profit margins increased (decreased) by 1%. However, when a depreciation of their currency occurs, exporters intent of building market share will adjust markups to a lesser degree permitting a larger proportion of the exchange rate shift to be passed-through in order to reduce export prices and increase market share. Under a second scenario, firms will PTM more completely during depreciations of the exporter's currency due to binding quantity restrictions or volume trade restrictions. In the car industry, the existence of temporary bottlenecks in foreign markets, that is, instances where car exporters cannot expand their sales without also providing an expanded sales, distribution and service infrastructure abroad is a possibility. Moreover, Japanese car makers were subject to potentially binding voluntary export restrictions (VER) over the period . Under the bottlenecks scenario, the optimal price strategy of the exporters in response to a depreciation of their currency is to adjust their profit margins upward in order to keep importer's currency prices stable and clear the market (i.e. PTM is complete). Where quantity constraints bind Japanese producers are already charging the optimal price in pounds to achieve the quota sales level firms will adjust their, yen prices upwards. Where the Yen appreciates against Sterling in exporter currency terms, opposite will be predicted to occur. Japanese manufacturers are forced to reduce their margins to again ensure that pound prices remain constant.
11 Table 4 , column 2, examines whether pricing behaviour have been asymmetric during the period analysed. Given the long run nature of our data set, the 31 years period incorporates three periods of sustained pound appreciation and pound depreciation. (as Figure 1 shows).
Then we allow the country-specific exchange rate coefficients vary between periods of pound depreciation and periods of pound depreciation. The results shows that across each of the nine source countries the PTM elasticities are higher during pound appreciation periods and lower during pound depreciations periods. 12 The fact that profit margins among European makers seem to be less sensitive to bilateral exchange rates during pound depreciations periods than during pound appreciations strongly supports the hypothesis that temporary bottlenecks are important in the UK market. 13 Finally, the results are also consistent with bottlenecks hypothesis in that Japanese mark-ups are quite insensitive to changes in exchange rates compared to their European competitors, which is consistent with Japanese cars being subject to binding quota constraints.
Next we examine the mark-up response of local producers to British pound exchange rate changes. In particular we wish to examine two issues. First, we ask whether local producers' profit margins are also sensitive to exchange rate fluctuations (in our case, the effective exchange rate of British pound sterling). Second, we ask whether Japanese cars made in the UK were also subject to the same quantity restriction as Japanese imports.
14 Table 5 presents the results. A pound depreciation of 10% leads to an increase in profit margins among UK-based manufacturers of 1.1% during the period 1971-2002, rising to 1.8%
11 There is some evidence supporting the relevance of asymmetric behaviour in the exchange rate pass-through using industry-level, however the findings are far from conclusive. Marston (1990) found an asymmetric response for five of the seventeen Japanese products exported to US that he examined over the period [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] . Of interest to our analysis 'passenger cars' did exhibit a considerably greater PTM elasticities during the yen appreciation period (between February 1985 and December 1987) . Knetter (1994) and Gil-Pareja (2000) seldom reject the hypothesis of a symmetric response of export prices to changes in exchanges rates on a wide sample of exporting industries in seven European countries between 1988 and 1996. In contrast, Ohno (1989) , using quite aggregate industry data (2-digit) found PTM elasticities that were higher during yen depreciations in machinery and electrical equipment. Goldberg (1995) in simulations for the US car industry finds greater effect on import prices when the dollar depreciates than when it appreciates. 12 F-tests showed these deviations to be statistically important at conventional levels for all the source countries. 13 Gil Pareja (2003) also found evidence of temporary bottlenecks in other European markets for large engine size vehicles. 14 In 1988 Nissan started to produce in the UK. In 1988 Japanese cars represented around 3% of total UK production and 12% of Japanese cars sold in the UK. In 2002 they represented 28% and 39%, respectively.
for sub-period 1987-2002 (before 1988 there is no Japanese car production in the UK). When we split the sample between Japanese makers and non-Japanese makers, Column 3 shows that mark-ups are responsive to exchange rate variations only for the first group; the profit margins of non-Japanese cars manufactured in the UK increase nearly 2% after a pound appreciation.
The lack of response from Japanese cars´ profit margins to exchange rate fluctuations indicates that quota constraints affected not only Japanese imports but also Japanese cars manufactured in the UK. Finally, Column 4 shows that there is an asymmetric PTM behaviour in cars manufactured in the UK, in the same way as it happened with the imported cars.
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V. Concluding Remarks
This paper examined the pricing policy of foreign car manufacturers in the UK market to reveal the degree of pass-through of exchange-rate fluctuations on profit margins over an extensive time horizon where the market witnessed substantive structural change. Rather than taking the reduced form approach that has typified the literate we derive profit margins directly using discrete choice modelling and then examine the effect of changes in the bilateral rate of exchange rates on profit margins.
The results reveal that profit margins adjust in the UK car market to changes in exchange rates. The estimated values of the exchange rate coefficients implied that pricing to market behaviour of German manufacturers was more pronounced than other European countries and Japan and Korea. The direction of the mark-up adjustments reveals that exporters try to stabilize local currency prices; this is particularly the case during periods of pound appreciation. The results also reveal that local producers are sensitive to exchange rate fluctuations; in particular, non-Japanese UK car models increase their profit margins more during pound depreciation periods than during pound depreciation periods. Finally, we find evidence that quota constraints on Japanese total sales were effective, reducing the responsiveness of profit margins to exchange rate variations.
Appendix I: Definition of Variables, Statistical Descriptives and Data Sources
Price: Retail price divided by CPI. Nominal prices are derived from the Motorists' Guide to New and Used Car Prices (1971-1986) and Parkers' Guide to New and Used Car Prices (1987-2002) . where jj η is product j's own-price elasticity of demand, jk η is the cross-price elasticity between product j and k, and differs depending upon whether the products belong to the same market segment.
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Source: Bank of England (www.bankofengland.co.uk). Normalised series (1995=1). An increase in value represents an appreciation of the British pound. There are six periods, corresponding to appreciation (1971-77, 1983-86, 1993-96) and depreciation of the British pound (1978-82, 1987-92, 1997-02) . Notes: t-ratios are reported in parenthesis. * Significant at the 90% level; ** Significant at the 95% level; *** Significant at the 99% level. Notes: t-ratios are reported in parenthesis. * Significant at the 90% level; ** Significant at the 95% level; *** Significant at the 99% level 1971-2002 1987-2002 1987-2002 1987-1992 1993-1996 1997-2002 Notes: T-ratios are reported in parenthesis. * Significant at the 90% level; ** Significant at the 95% level; *** Significant at the 99% level. Japanese makers started car production in the UK in 1988. The number of Japanese model-year observations is 60. 
